Objective and Background: We examined sleep-related problems in adolescents and young adults after a mild traumatic brain injury (MTBI) or orthopedic injury. We extended the analysis of data from a study of early emotional and neuropsychological sequelae in these populations (McCauley et al. 2014. J Neurotrauma. 31:914).
O f the >1 million traumatic brain injuries (TBIs) that occur each year in the United States, mild traumatic brain injuries (MTBIs) account for at least 79% (Langlois et al, 2006) . Using incidence data, the US Centers for Disease Control and Prevention estimated that the total lifetime cost of MTBI for 1995, the most recent year studied, was $16.7 billion (National Center for Injury Prevention and Control, 2003) . However, Thurman (2001) suggested that most estimates of the total cost of MTBI to society grossly under-represent the actual figure because they fail to account for such hidden costs as lost productivity and the financial toll on caregivers and family members.
It is important to isolate potential contributors to cognitive deficits and functional impairments that may continue past the acute phase of recovery and become chronic problems for individuals who have sustained an MTBI.
Among the numerous cognitive and psychological concerns that have been reported to arise after MTBI, some of the most frequent complaints are sleep deficits (Ayalon et al, 2007; Beetar et al, 1996; Orff et al, 2009; Ouellet et al, 2006; Parcell et al, 2006) . In a large study comparing patients admitted to the emergency room after an MTBI with patients admitted for other reasons, Kraus et al (2009) found that 3 months postinjury, those with an MTBI exhibited poorer overall sleep quality, longer sleep latency (the time it takes to fall asleep), and more difficulties with daytime function than the patients without head injuries. Vanderploeg et al (2009) reported a risk of continued sleep problems in US Army veterans years after they had sustained an MTBI, even when the authors controlled for associated medical and emotional conditions, including symptoms of post-traumatic stress disorder (PTSD). Rao et al (2011) reported disturbances in polysomnograms and electroencephalographic sleep power spectra in a small sample of individuals with an MTBI. The authors suggested that sleep difficulties after MTBI alter sleep microarchitecture, anxiety, or awareness of sleep problems. Sleep problems after TBI have been linked to symptoms of anxiety and depression, slow information processing, and general difficulties with rehabilitation (Fogelberg et al, 2012; Mathias and Alvaro, 2012; Ponsford et al, 2012) .
Sleep problems after TBI are not limited to adults (Blinman et al, 2009; Tham et al, 2012) . Tham et al (2012) found that children who had sustained a mild to severe TBI were at greater risk of having sleep difficulties up to 24 months post-injury than were controls with orthopedic injuries (OIs), and that worse sleep difficulties were related to poorer functional outcomes at 24 months.
Despite findings of sleep problems in both children and adults after MTBI, few if any studies have systematically examined age differences in these sleep problems. Documented age differences could help determine developmental risk and protective factors and might lead to improvements in detection and treatment for particularly vulnerable populations.
Many of the studies investigating sleep problems after TBI have had limitations such as the lack of an adequate control group (eg, no controls at all, only orthopedic controls, or only typically developing controls), small samples or samples restricted by age and injury severity, and limited or no follow-up. Our study addressed these limitations by measuring sleep quality over time (ie, baseline assessment and 1 and 3 months after injury) in individuals with MTBI, individuals with OIs only, and non-injured controls. We studied participants from a broad age range (12 to 30 years) to define sleep issues for adolescents and young adults after MTBI. Compared with other investigations, our approach allowed us to explore how MTBI can affect individuals across the age range, and to suggest whether age effects should be studied more closely. These questions appear particularly timely as our 2014 study (McCauley et al, 2014) , upon which this report builds using some of the same participants, suggested a differential impact of age on acute symptoms after MTBI.
In the present study, we assessed sleep variables via the Pittsburgh Sleep Quality Index (PSQI) (Buysse et al, 1989) . The PSQI has demonstrated satisfactory reliability and validity when used with a head-injured population (Buysse et al, 1989; Fichtenberg et al, 2012; Mahmood et al, 2004) . We hypothesized that individuals with an MTBI would exhibit greater sleep problems at 1-month follow-up than would orthopedic and non-injured controls, and that these problems would persist at 3-month follow-up. Based on our 2014 paper (McCauley et al, 2014) , we anticipated that our older participants would have worse sleep problems. Thus, our major aim in this study was to determine whether young people had sleep difficulties in the postacute phase after MTBI and to explore how age might interact with any observed sleep-related problems.
METHODS
The data that we present in this report were collected during a larger study that our group conducted on the neurocognitive outcomes of MTBI. Some of our participants with MTBI and OI took part in that study, and the procedures were similar. Two articles from the larger study have already been published: Hanten et al (2013) and McCauley et al (2014) . These articles add details about our current study's participants and procedures.
Participants
We studied 191 right-handed individuals between 12 and 30 years of age: 77 who had sustained an MTBI, 71 controls who had sustained an OI, and 43 non-injured controls.
Between December 2008 and January 2013, we recruited the participants with MTBI and OI from consecutive admissions to 3 Level I trauma centers within the Texas Medical Center, in Houston, Texas: Memorial Hermann Hospital-Texas Medical Center, Ben Taub General Hospital, and Texas Children's Hospital. All of these participants were admitted to the emergency department, treated, and released <24 hours after their injury. During the admission, the staff excluded posttraumatic amnesia in all of the participants with MTBI using the Galveston Orientation and Amnesia Test (Levin et al, 1979) . None of the participants with OI had a history of post-traumatic amnesia, loss of consciousness, or intracranial injury.
We defined MTBI according to recommendations from the US Centers for Disease Control and Prevention (National Center for Injury Prevention and Control, 2003) . That is, our participants with MTBI had to have suffered an injury to the head from blunt trauma or from acceleration or deceleration forces, and they had to have experienced at least 1 of the following: (1) observed or self-reported confusion, disorientation, memory dysfunction around the time of the injury, or loss of consciousness for no longer than 30 minutes after the injury; and (2) headache, seizures, dizziness, irritability, fatigue, or poor concentration soon after the injury.
As recommended by the World Health Organization task force on MTBI (Carroll et al, 2004) , our participants with MTBI had to have a Glasgow Coma Scale (Teasdale and Jennett, 1974) score Z13 (minor brain injury) when examined at an emergency center, had no abnormal findings on a computed tomography scan of the brain, and experienced any post-traumatic amnesia for <24 hours and any loss of consciousness for <30 minutes. Of note, 3 of our participants with MTBI lacked Glasgow Coma Scale scores; we included them in the study because the emergency room staff judged them to have sustained an MTBI.
Further, our participants with MTBI had to have an extracranial Abbreviated Injury Scale (Petrucelli et al, 1981 ) score r3 ("serious" on a scale of 1 [minor] to 6 [maximal]) and, within the Scale, a modified Injury Severity Score of <12 (on a scale of 1 [most minor] to 75 [most critical]). The Abbreviated Injury Scale defines the type, body region, and severity of a physical injury. We selected cutoff scores in keeping with the conventions of previous TBI investigations. For the participants with OI, the Abbreviated Injury Scale had to be r3 for any body region, and the modified Injury Severity Scale had to be r12, with no head region injury.
Our second control group comprised non-injured controls, also aged 12 to 30 years. Between December 2008 and January 2013, we recruited these volunteers from the Houston area through personal referrals and community advertising. These controls had no history of a head injury or OI. All other inclusion and exclusion criteria were identical to those for the other study groups.
Exclusion criteria for all 3 study groups are detailed in Hanten et al (2013) . Briefly, we studied only individuals who spoke English or Spanish. The injured individuals could not have a blood alcohol level >200 mg/dL when they were admitted to the emergency room. We also excluded candidates if they had a previous hospitalization for head injury, a neurodevelopmental disorder, or a serious and persistent mental health condition such as schizophrenia.
Each of the control groups enabled us to make specific comparisons. We matched the participants with OI to those with MTBI for age at time of injury (within 1 year) and for composite socioeconomic status, which includes years of education (see the Socioeconomic Composite Index section below for an explanation of the education measure). We used the OI group to control for risk factors that predispose to injury, such as pre-existing behavioral problems, subtle learning disabilities, and family variables, as well as to equate for the experience of stress and discomfort of having a traumatic injury and being hospitalized (Bijur and Haslum, 1995; Hanten et al, 2013; McCauley et al, 2014; Stancin et al, 1998 Stancin et al, , 2001 . Researchers also consider individuals with OI to be well-suited to serve as controls to individuals with TBI because of the traumatic nature of their injury (Hanten et al, 2013) .
We matched the non-injured controls to both groups of injured participants for age (within 1 year), sex, race, and overall socioeconomic status. As in previous studies with this cohort (Hanten et al, 2013; McCauley et al, 2014) , we used the non-injured controls to estimate the effect of time unrelated to injury (ie, sleep problems that might arise spontaneously in this population) and to compare the injured participants' recovery to changes over time in agematched and demographically similar peers. Table 1 shows the participants' demographic and injury characteristics.
The study protocols were approved by the institutional review board of Baylor College of Medicine. Before beginning the study, we obtained informed consent from the participants who were of legal age and from the parents of the minors. The adolescent participants also gave their assent before taking part.
Procedures
We recruited and conducted baseline testing for the participants with MTBI or OI within 96 hours of their injury. We repeated their tests 1 and 3 months post-injury. We tested the non-injured controls at the same intervals as the injured participants: at baseline, 1 month, and 3 months. We contacted the participants to remind them about their follow-up appointments.
We did the testing for all 3 groups at author H.S.L.'s laboratory at Baylor College of Medicine. We gave all the measures as paper-and-pencil tasks in a standardized manner, and we gave the participants as much time as they needed to complete the tasks.
Pittsburgh Sleep Quality Index
The PSQI (Buysse et al, 1989 ) is a brief, reliable, valid, and widely used self-report measure of sleep quality that can be given repeatedly to adolescents and adults to track symptoms of sleep disturbance (Backhaus et al, 2002; Buysse et al, 1989; Geng et al, 2013; Megdal and Scheernhammer, 2007; Morgan et al, 2003; Tan et al, 2012) . The PSQI has also demonstrated validity for assessing sleep disturbances after traumatic head injury (Fictenberg et al, 2001 ) as well as with psychiatrically atrisk adolescents (Lunsford-Avery et al, 2013) .
The measure includes 14 multiple-choice questions and 5 short-answer items. Most respondents can complete it in 5 to 10 minutes. In our study, all participants completed the PSQI at each of the 3 testing sessions. At the baseline assessment, they were asked to respond by describing their sleep patterns during the month before their injury.
The PSQI total score combines the responses to 7 subscales: duration of sleep, sleep disturbance, sleep latency, "day dysfunction due to sleepiness," sleep efficiency, overall sleep quality, and "need meds to sleep" (Buysse et al, 1989) . A total score >5 indicates clinically significant sleep problems. Our study focused on the total sleep score, to provide an overview of sleep-related problems.
Visual Analog Scales for Pain and Fatigue
As explained in McCauley et al (2014) , during each assessment we asked the participants to make a mark indicating their current level of pain on a 100-mm line on a piece of paper. The line had anchor points at 0 (no pain at all) to 100 (worst pain in your whole life). Participants also made a mark for their current level of fatigue on a similar line with anchor points at 0 (not tired at all) to 100 (very tired). We used the distance between the participants' marks and the 0 anchor point as a measure of their relative pain and fatigue.
Drug Abuse Screening Test and Alcohol Use Disorders Identification Test
We gave these 2 brief measures to evaluate, respectively, a participant's history of drug and alcohol abuse symptoms (Bohn et al, 1995; Saunders et al, 1993; Skinner, 1982; Yudko et al, 2007) . Both tests have been used in other studies of MTBI (McCauley et al, 2014) and have shown adequate reliability and validity.
Socioeconomic Composite Index
As described by Yeates et al (1997 Yeates et al ( , 2004 , the Socioeconomic Composite Index is a measure of family socioeconomic status based on 3 variables: years of maternal education, annual family income (Moos and Moos, 1994) , and the Duncan Occupational Status Index (Stevens and Featherman, 1981) . In this study, we used years of maternal education for our participants aged 12 to 18; however, departing from the usual measure, we used the individual's own years of education for our participants aged 19 to 30.
Values for the 3 variables are transformed into z scores, averaged together, and then standardized so that the mean = 0 and the standard deviation = 1. The Socioeconomic Composite Index has been used as a general measure of socioeconomic status in a population with TBI (Schmidt et al, 2010; Yeates et al, 1997 Yeates et al, , 2004 .
Completeness of Collected Data
Of our 191 total participants, 137 completed all 3 visits, 30 missed 1 visit, and 24 missed 2 visits. The participants with missed data did not differ from those with complete data on the outcome measure of PSQI total score: At the baseline assessment, t 181 = À 0.04, P = 0.9675; at 1 month, t 159 = À 0.01, P = 0.9952; at 3 months, t 149 = À 0.88, P = 0.3795. The 3 study groups did not differ in numbers of participants lost to follow-up or numbers of missed sessions: w 2 2 = 0.55, P = 0.7588. Within the MTBI group, the mechanism of injury (motor vehicle accident, non-motor vehicle accident, or assault) did not show an effect on the missing data: w 2 2 = 1.45, P = 0.4847. Based on these findings, we judged the missing data to be random, ie, participants were lost to follow-up for reasons such as time conflicts or not wishing to continue with the study, not because of the outcome measure, injury status, or mechanism.
Statistical Analysis
We compared the demographic variables using analysis of variance for continuous variables (age and the Socioeconomic Composite Index), and w 2 test for cate- Teasdale and Jennett, 1974 . MTBI = mild traumatic brain injury. OI = orthopedic injury. NIC = non-injured controls. SD = standard deviation. NA = not applicable.
gorical variables (sex, race, and mechanism of injury). We used a generalized linear mixed model approach to analyze the participants' pattern of PSQI total scores. We examined the randomness of intercept, slope, and change of slope of the recovery curves. Only the variance of intercept was significant, and the individual growth curves confirmed the randomness of the intercept. Therefore, we set the intercept as random; however, we fixed the linear (slope) and quadratic (change of slope) terms of the interval. We also entered into the model the data for group, age, Socioeconomic Composite Index, sex, PTSD, pain, and fatigue, to check their effect on the intercept and growth (slope and change of slope). Because the effects of Socioeconomic Composite Index, sex, PTSD, pain, and fatigue were not significant, we dropped them from the model.
Age, a continuous variable, was centered at its grand mean of 20 years for all 3 study groups. We used fitted values for Figure 1 (Table 2) .
To facilitate interpretation of the results, we also compared the groups on pain, fatigue, and PTSD (Table 1) at each assessment using a log-linear model, and on the dichotomized sleep disturbance variable (PSQI total score >5) at each assessment using the w 2 test. We also prepared summary statistics for each of the 7 categories of sleep difficulties at each assessment. Because the non-injured control group had a low rate of sleep difficulties, we were unable to use a more advanced model to adjust for other demographic variables, as we could with the continuous variables; however, this level of analysis is not likely needed to provide a valid interpretation of the data.
RESULTS

Demographic Variables
As shown in Table 1 , the 3 study groups were balanced for age, sex, race, and socioeconomic level. At all 3 assessments, the participants with MTBI had a significantly higher PTSD score than either the OI or the non-injured control group (P < 0.0001).
Groups differed significantly on the pain score at the baseline assessment (P < 0.0001), 1 month (P = 0.0125), and 3 months (P < 0.0001): The MTBI and OI groups evidenced similarly elevated pain levels at the baseline assessment and 1-month follow-up, while the OI and non-injured control groups had similarly low pain at 3 months. The 3 groups also showed a significant difference on fatigue scores at 1 month (P = 0.0468) and 3 months (P < 0.0001), with the MTBI group again scoring highest and the non-injured control group scoring lowest at each assessment. The 3 groups did not differ significantly on substance use, as measured by their scores on the Drug Abuse Screening Test (Yudko et al, 2007) and Alcohol Use Disorders Identification Test (Saunders et al, 1993) . We found no group-by-age interactions on pain, fatigue, PTSD, or either substance abuse test. Table 2 shows that there was a significant 3-way interaction of group by age and quadratic function of postinjury interval: F 2,292 = 3.34, P = 0.0369, indicating that participants' sleep-related difficulties after MTBI depended on their age at injury. Figure 1 shows that the older participants with MTBI (25 years old = mean age plus 1 standard deviation) had a sharp increase in their sleep symptoms from the baseline assessment to 1 month post-injury, and their symptoms remained troublesome 3 months post-injury. The younger participants with MTBI (15 years old = mean age minus 1 standard deviation) had fewer sleep-related difficulties at the baseline assessment than did their older counterparts. Unlike the older group, which had a worsening of symptoms with each assessment, the younger subgroup reported a slight drop in symptoms at 1 month and again at 3 months.
PSQI Results
At the baseline assessment, the older participants with OI had almost as low a level of sleep-related difficulties as the younger participants with MTBI. However, the older OI subgroup had an increase in sleep-related difficulties at 1 month, followed by a drop at 3 months. The younger OI subgroup had a low level of sleep-related symptoms at the baseline assessment and even fewer symptoms at 1 and 3 months, bringing them very close to the level of the younger non-injured controls at the same assessments. At 3 months, both the younger MTBI subgroup and the older OI subgroup had improved their symptoms to levels similar to those of the older non-injured controls. FIGURE 1. Group differences in Pittsburgh Sleep Quality Index (PSQI) (Buysse et al, 1989) total scores for the 3 study groups: mild traumatic brain injury (MTBI), orthopedic injury (OI), and non-injured controls (NIC). PSQI scores differed by post-injury interval and age. The "younger" subgroup had a mean age of 15 years minus 1 standard deviation. The "older" subgroup had a mean age of 25 years plus 1 standard deviation. The curve marked by a star shows the older MTBI group mean score, which was significantly worse than the NIC group at baseline assessment, and significantly worse than both the NIC and OI groups at the 1-and 3-month follow-up assessments. The reference line at "5" represents the PSQI cutoff: A score >5 indicates a sleep disturbance.
Using Bonferroni correction and setting a significance level at 0.0005, we performed post hoc analyses of the PSQI results (pairwise group comparisons, shown in Table 3 ) and found that the younger participants in all 3 groups did not differ significantly from 1 another at any testing session. However, for the older participants, the MTBI subgroup was significantly worse than the non-injured controls at the baseline assessment (P = 0.0036), and significantly worse than both the OI subgroup and non-injured controls at 1 month and 3 months (P < 0.0001).
From a diagnostic point of view, PSQI scores >5 are considered to signal clinically meaningful sleep disturbance. Thus, we also analyzed the group difference on sleep disturbance (PSQI total score >5) at each assessment. The MTBI group had a higher rate of sleep disturbance than the other groups at the baseline assessment (P = 0.0115), 1 month (P = 0.0177), and 3 months (P < 0.0001) ( Table 4) . These results are consistent with those using the PSQI total score.
DISCUSSION
Our study examined the trajectory of sleep-related symptoms after an MTBI or OI, compared to non-injured controls. We found an interaction between age and injury group: The older (mean age = 25 years) participants with MTBI experienced a significantly greater increase than the other groups in sleep symptoms from the baseline assessment to 1 month post-injury. This group also had persistent sleep-related problems at 3 months and more clinically meaningful elevations on the PSQI at all 3 assessments. This difference became highly significant at the 3-month follow-up. Although the older OI subgroup also had increases in sleep-related difficulties at 1 month, by 3 months their symptoms had subsided to near those at the baseline assessment. Thus, not only did the older MTBI subgroup have higher levels of sleep difficulties at the baseline assessment, but they also had increases in sleep-related problems throughout the study and these difficulties were more pronounced when compared to the younger MTBI subgroup and the OI and non-injured control groups.
We are not aware of other studies that have shown agerelated differences in sleep difficulties after an MTBI. However, previous investigations have reported sleep-related difficulties in children after a TBI, and MTBI specifically was a significant risk factor for these symptoms at 24 months postinjury (Tham et al, 2012) . Our study did not reveal persistent sleep difficulties in our younger participants, as did Tham and colleagues (2012) , perhaps because their methods differed from ours. We used the PSQI to study sleep difficulties in 12-to 30-year-olds with MTBI for 3 months; they studied children of all ages with TBIs ranging from mild to severe for 24 months, using a single-item parent report of sleep problems. Thus, design and methods may account for the differences in findings between the 2 studies. Although the PSQI has been used in other investigations, it is also possible that a self-report instrument may not be sensitive to sleep difficulties in younger people, especially adolescents.
Our findings showed clear evidence of persistent sleep-related difficulties in our older participants with MTBI, those between 20 and 30 years of age. We must be cautious in interpreting how age affects sleep symptoms after MTBI in individuals of other ages. Although our older OI subgroup also had an initial rise in sleep difficulties 1 month post-injury, their symptoms returned to Bold type indicates significance at P < 0.05. The superscript "2" denotes the quadratic function of the interval. 1 Buysse et al, 1989 . NIC = non-injured controls. MTBI = mild traumatic brain injury. OI = orthopedic injury.
near their baseline assessment levels at 3-month follow-up and were not significantly different from those of the noninjured controls at 3 months.
This pattern suggests that factors related to the experience of being injured might not fully account for the persistent sleep difficulties in the MTBI group. Contextrelated factors such as stress and anxiety may contribute. For example, young people who sustain a mild head injury may feel especially stressed and anxious about their long-term cognitive, psychiatric, and physical function and their psychosocial and occupational future.
McCauley and colleagues' (2014) study, using some of the same participants as this analysis, indicated higher levels of perceived stress and psychiatric symptoms in the MTBI group than in the OI and non-injured control groups. McCauley et al also found evidence for an ageby-group interaction such that at the baseline assessment, the participants in the MTBI group experienced higher levels of self-reported cognitive, emotional, and somatic symptoms with increasing age.
Our findings complement those of McCauley et al and suggest that individuals with a mean age = 25 years have more difficulties than younger people throughout the process of recovering from a mild head injury. The consistency between our findings and McCauley et al's is somewhat perplexing given that both investigations were restricted to 12-to 30-year-olds. This consistency suggests that:
Adults experience more significant mild injuries, possibly as a result of different mechanisms of injury such as more high-speed motor-vehicle accidents.
Adults are more vulnerable to even mild head injuries. Adults experience other significant factors (eg, pain, fatigue, stress, depression, PTSD symptoms) that either predispose them to or complicate their recovery from mild TBI. Adults are more likely to have a history of unreported previous closed head injuries. Pre-injury sleep difficulties predispose some individuals to sustaining an MTBI.
The constraints of our study make it difficult for us to rule out these potential confounds. We screened the participants via a structured historical interview for any previous head injuries. We intended this process to minimize the likelihood of occult head trauma; however, it is possible that the participants sustained very mild head injuries that did not result in any hospitalization, loss of consciousness, or other noticeable effects, but that still may have contributed to our findings. Therefore, although we made every attempt to screen out previous head trauma, our results may have been influenced by a subset of individuals with a history of undisclosed mild head injury.
To control thoroughly for this possibility, future investigations of differences in sleep-related variables should compare a group with a documented history of a single MTBI and a group with a history of multiple mild injuries. Future studies should also seek out age-by-mechanism of injury interactions and age-by-perceived level of stress interactions that might alter the interpretation of our current findings and those of McCauley et al (2014) . It would also be valuable to follow a large cohort of individuals with elevated sleep-related problems to determine if over time they have experienced increases in rates of MTBI or other serious injuries.
One interesting possibility about the age differences that we and McCauley et al observed is that adolescents may be less vulnerable to the impact of mild TBI because they have protective factors that the adults lack. The protection could be psychosocial-supportive family and peers-or neurodevelopmental, conferred by the stage of brain development. Studies using neuroimaging techniques would help to explore this hypothesis.
Although it is likely that stress and sleep difficulties have a reciprocal relationship (Lallukka et al, 2012; Petersen et al, 2013) , within our study population it is impossible to disentangle whether sleep problems caused or exacerbated participants' stress, or whether the sleep problems themselves could have been directly caused by stress. Importantly, our MTBI group had significantly elevated PTSD symptoms at all 3 assessments, and this group had more pain and fatigue than the OI group at both 1 and 3 months.
Although it is conceivable that these variables accounted for some of the differences in sleep outcomes in the MTBI group, our analyses did not indicate an age-by-PTSD, -pain, or -fatigue interaction. This suggests that, at least in adults, sleep-related difficulties are important and unique contributors to outcomes after mild head injury. Unfortunately, limitations on our sample size and variability prevented us from using more sophisticated statistical models that would let us be more firm in our causal inferences. Finally, as noted, it is also difficult to Second, although we conducted baseline assessments r96 hours after our injured participants' trauma, it is possible that they under-reported their sleep difficulties because of the injury itself, ie, the "good old days" bias (Iverson, 2010) . Although given our study's time frame such bias appears unlikely, this type of under-reporting could exaggerate group differences.
Third, as alluded to above, although we compared the 3 groups on a number of variables that might influence sleeprelated problems, the non-injured control group's relatively low and stable PSQI scores prevented us from conducting a detailed analysis of additional covariants (eg, PTSD symptoms, pain, fatigue, and substance use) that may have influenced the trajectory of sleep-related difficulties. As discussed, however, our analyses indicated no group-by-age interactions in these variables, thus lessening the possibility that these variables altered the patterns of sleep problems.
Likewise, we did not evaluate other potentially exacerbating variables such as depressed mood. Reporting on the same data, McCauley and colleagues (2014) suggested that at the baseline assessment, pain and fatigue scores did not affect group differences in other important variables of interest, eg, emotional factors, post-concussive symptoms, and neuropsychological function.
Thus, these variables may not have differentially affected sleep quality among the groups. Further, the results did not indicate any pain-by-age or fatigue-by-age interactions. Still, we evaluated pain and fatigue symptoms with only a single measure because of testing time constraints, and a more robust assessment of these factors may prove informative in future studies.
As a fourth limitation, although a previous study (Lunsford-Avery et al, 2013) used the PSQI with adolescents, it may not be the most sensitive measure of sleeprelated difficulties with this age group. It is possible that our use of the PSQI in this study underestimated the extent of sleep problems in the younger participants. However, given the fact that young adults were included along with adolescents in our subgroup of younger participants, we think it unlikely that the PSQI would grossly underestimate sleep problems in this entire age cohort.
As a final limitation, because we followed participants only through the post-acute phase of their recovery, we cannot draw any conclusions about chronic sleep problems after MTBI.
Compared to earlier work, however, the strengths of our study are our relatively large and homogeneous sample of participants with MTBI, our inclusion of 2 control groups, our use of a well-validated and reliable measure of sleep problems, and our following our participants for 3 months. We were able to underscore the persistent nature of sleep problems after MTBI and to suggest that these difficulties are not the result of other injury-related factors. Further, our suggestion of an interaction between age and sleep problems should be a focus for future research.
Though limited in scope, this study is an important first step toward establishing the extent of sleep problems in young people with MTBI and suggests that patients, especially young adults, deserve assessment and intervention. Basic sleep hygiene training is effective in improving mood and cognitive skills in patients in the postacute phase of TBI (Wiseman-Hakes et al, 2013) . Our findings suggest that such simple recommendations may also help individuals with milder injuries.
Clinicians treating individuals who have suffered a mild head injury should evaluate their patients' sleep quality for at least the 3-to 6-month recovery period to determine if they need further assessments and treatment. Patients with serious and prolonged sleep difficulties after an MTBI have been helped not only by sleep hygiene and sleep extension but also by cognitive behavioral therapy and relaxation training, all of which have been shown to be effective for a variety of psychiatric and neurologic populations (Dewald-Kaufmann et al, 2014; Martı´nez et al, 2014; Ruff et al, 2012) .
Future research should explore whether sleep difficulties account for variability in outcome after MTBI and whether they account for a significant amount of the variance in post-concussive symptoms or cognitive function in general. Studies that follow patients with MTBI past the post-acute phase of recovery are needed to determine whether sleep problems continue and become a chronic deficit for these individuals. Given the connection between sleep difficulties and cognitive impairments, our findings advance the understanding of the variability in outcome after MTBI by documenting that many adult survivors suffer from sleep problems as a persistent deficit. Finally, our findings may help practitioners both recognize sleep difficulties as important sequelae of MTBI, especially in adults, and identify patients who may require monitoring and support services.
